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ABSTRACT 

Ozone (0 3 ) is a potent antimicrobial agent due to its strong oxidizing potential; it has wide application in the 
food industry. Ozone is one of the most powerful known Sanitizers. Ozone is formed from three oxygen atoms. Ozone is 
commonly used for the treatment of water in municipal and industrial applications. The special advantage of ozone is in 
the environmentally friendly way in which it works. Harmful substances, colours, odours and microorganisms are 
destroyed directly by oxidation, without the formation of harmful chlorinated by-products. However, some negative effects 
of ozonation are the undesirable changes that may occur in food quality, such as, a loss of phenolic compounds and 
ascorbic acid, inactivation of some enzymes and changes in color. 
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INTRODUCTION 

Ozone is a strong oxidant and potent disinfecting agent (Zeynep, et al., 2004). Ozone exists in the gaseous 
state at room and refrigeration temperature and it is partially soluble in water. At room temperature, ozone is an 
unstable gas. Ozone readily degrades but has a longer half-life in the gaseous state than in aqueous solution (Rice, 
1986). Ozone is relatively stable in air but highly unstable in water, decomposes in a very short time. It cannot be 
stored and must be generated continuously. 

A protective layer of ozone is presently 6 to 30 miles above the earth’s surface at a concentration of 
approximately 10 ppm (parts per million). This ozone layer helps protect the earth’s surface from harmful 
ultraviolet radiation. 

Ozone is formed in the stratosphere, in photochemical smog and by UV sterilization lamps, high voltage 
electric arcs, and gamma radiation plants (Mustafa, 1990). 

Acceptance of Ozone Utilization 

A petition submitted in August 2000 to the Food and Drug Administration (FDA) for approval of ozone as 
a direct food additive for the treatment, storage, and processing of foods in gas and aqueous phases has been 
accepted later (Federal Register 2001). 

The United States Food and Drug Administration (FDA) has recognized, since 2001, that 0 3 is GRAS 
(Generally Recognized as Safe) for the treatment, storage and processing of food and water (FDA, 2001). 
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Ozone is a powerful sanitizer that may meet the expectations of the industry, the approval of the regulatory 
agencies and acceptance of the consumer (Khadreef al., 2001). But it is better to use in permissible limits. So World Health 
Organization (WHO) recommends 0.1 mg/m 3 for an 8-hour mean (WHO, 2006). Excess ozone auto-decomposes rapidly to 
produce oxygen, and thus it leaves no residues in food (Shigezo and Hirofumi, 2006). 

Production of Ozone 

Ozone can be generated on-site as required by several techniques, three of which are available commercially at 
the present time - corona discharge, UV radiation and electrolysis. In order to generate ozone, a diatomic oxygen molecule 
must first be split. The resulting free radical oxygen is thereby free to react with another diatomic oxygen to form the 
triatomic ozone molecule. However, in order to break the 0-0 bond a great deal of energy is required. 

The established technology for generating ozone is by corona discharge of dry air or oxygen. There are other 
methods (UV irradiation of oxygen at 140-190 NM; electrolysis) but these have yet to find widespread application in water 
treatment. 

The corona discharge method can obtain high concentrations of 0 3 at a low cost; however, UV radiation can also 
be used for commercial production of 0 3 but with a lower concentration and yield (Tapp and Rice, 2012). 

Ozonizers expose Cbmolecules to a high voltage electrical discharge which initiates the formation of free radical 
oxygen and thereby generates 0 3 (WCBBC, 2006). 

Ultraviolet radiation (188nm wavelength) and corona discharge methods can be used to initiate free radical 
oxygen formation and, thereby generate ozone (Rice et al. 1981). 

The use of oxygen enables ozone to be generated at higher concentrations, which is more energy efficient and 
beneficial for mass transfer, but carries the additional cost of the oxygen. There are some air-fed installations which have 
the facility to enrich the feed gas with oxygen, which may be justified where there are infrequent short-term peak ozone 
demands (Langlais et al, 1991). 

Properties of Ozone 

Ozone has the strongest oxidization effect after fluorine, and this property has been used in sterilization for food 
and processing plants. Moreover, there is no fear of toxic residues as with chlorine-based sterilizers and no hazardous 
trihalomethanes are formed. Based on these advantages, ozone has been used in water and air treatment for food products, 
food materials and food processing plants (Shigezo and Hirofumi 2006). 

Ozone is a blue gas at ordinary temperature, but at concentrations at which it is normally produced the color is not 
noticeable. At -112°C, ozone condenses to a dark blue liquid (Oehlschlaeger, 1978). Ozone has a longer half-life in the 
gaseous state than in aqueous solution (Rice, 1986). 

The efficacy of ozone treatment is affected by pH, temperature, relative humidity, concentration, and phase of 
microbial growth and by the presence of organic material (Sofos and Busta, 1991). Ozone solubility in water is 13 times 
that of oxygen at 0-30°C and it is progressively more soluble in colder water (Rice, 1986). The presence of minerals in the 
water may also catalyze ozone decomposition (Hoigne and Bader 1985). Therefore, solubility of ozone increases when 
purity of water increases. 
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Applications of Ozone 

Ozone is a powerful antimicrobial substance due to its potential oxidizing capacity. Ozone use may have many 
advantages in the food industry. Ozone has been used by industry for many years and in many different types of 
applications such as odor control, water purification, and as a disinfectant (Mork, 1993). Research has found that ozone 
levels of less than 9 ppm are necessary for sick buildings or profession disinfection (Khurana, 2003). The issue of safety 
must always be addressed when using ozone technology for use indoors with human exposure. A study by Boeniger 
(1995), found that ozone air cleaners are a potential health risk if used at high levels indoors. 

The treatment of wheat flour with gaseous ozone inhibited microbial growth in namamen products and increased 
their storage life (Naitohef al., 1989). 

Ozonated water is easier to handle than ozone gas (Shigezo and Hirofumi, 2006). Ozonated water is one of the 
most effective Sanitizers known in vegetables and fruits, yet it leaves no hazardous residues on vegetables and fruits or 
above, contact surfaces (Shigezo and Hirofumi, 2006). Ozonated water containing 0.5-5.0mg/L available ozone with 
abundant volume was effective as a disinfectant for fresh vegetables and fruits without causing discoloration (Naitoh, 
1991). 

Ozone application for fresh fish helps suppress the characteristic smell which sometimes can be disagreeable, 
hence giving a healthful aspect of the fish (Goncalves, 2009). 

Aqueous ozone was also used to treat packaging and food contact materials (Khadre and Yousef, 2001). Five-log 
reduction was observed in the bacterial count of plastic films treated with ozonated water (Khadre and Yousef, 1999). 
Combinations of ozone with other oxidants such as hydrogen peroxide were also used to sanitize packaging films (Gardner 
and Sharma, 1998). 

Ozone is known to react with natural organic matter (NOM) and may produce a range of by-products include 
aldehydes, ketones and Quinones (Langlaise/ al, 1991). Complete mineralization of organic material with ozone does not 
usually occur to any great extent under drinking water disinfection conditions. Regulated halogenated organic by-products 
such as trihalomethanes (THMs) are not formed by ozonation (Langlaise/ al, 1991), and ozonation can have the additional 
benefit of reducing the overall THM formation arising from chlorine dosing downstream. 

Sykes (1965) reported that chlorine selectively destroyed certain enzymes, whereas ozone acted as a general 
protoplasmic oxidant. Inactivation of enzymes by ozone is probably due to the oxidation of sulfhydryl groups in cysteine 
residues (Chang 1971). 

Restaino and others (1995) studied a group of food-related microorganisms, observed that the gram-negative 
bacteria were substantially more sensitive to ozone in pure water than the gram-positive ones. Relatively low 
concentrations of ozone and short contact time are sufficient to inactivate bacteria, molds, yeasts, parasites and viruses 
(Kim et al., 1999). 

LIMITATIONS 

Ozone is a toxic, bluish, unstable, potentially explosive gas and is a hazard to plants and animals (Braker and 
Mossman, 1980). Oehlschlaeger, (1978) reported that the liquid ozone is easily exploded if greater than 20% ozone to 
oxygen mixtures occur. Explosions may be detonated by electrical sparks or by sudden changes in temperature or pressure. 
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However, in practical usage explosions of ozone are extremely rare. 

0 3 can also cause negative alterations, such as oxidation of lipids, changes in sensory characteristics, color loss, 
degradation of phenolic compounds and some vitamins, among other adverse effects (Patil et al., 2010; Gabler et al., 2010). 

As 0 3 is a toxic gas, levels higher than the permissible limits may cause undesirable physiological effects on the 
central nervous system, heart, and vision (PubChem, 2015). In humans, ozone primarily affects the respiratory tract. 
Symptoms of ozone toxicity include headache, dizziness, a burning sensation in the eyes and throat, a sharp taste and 
smell, and cough. Chronic toxicity symptoms might cause headache, weakness, decreased memory, increased prevalence 
of bronchitis and increased muscular excitability (Hoof, 1982). 

SUMMARY AND CONCLUSIONS 

Ozone is a powerful antimicrobial agent. Reacts faster than chlorine with many organic materials and produces 
fewer decomposition products. Ozone as an oxidant is used in water treatment, sanitizing, washing and disinfection of 
equipment, odour removal, and fruit, vegetable, meat and seafood processing. The most common uses of ozone for food 
treatment are preserved, disinfection and to increase the ripening time of fruits and vegetables, etc. Ozone targets 
intracellular enzymes and cell components of foods or on microorganisms. Ozone (0 3 ) is effective against the majority of 
microorganisms tested and its applications in the food industry are related to decontamination of product surface and water 
treatment. However, still so much research work to be done to overcome the limitations and to improve the efficacy of 
ozone. 
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